Global polarization of hyperons from STAR experiment
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Important features in non-central heavy-ion collisions
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Global polarization

¥ + Impact parameter

particle antiparticle

/
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to particle spin

/Z.-T. Liang and X.-N. Wang, PRL94, 102301 (2005)
S. Voloshin, nucl-th/0410089 (2004)

aOrbital angular momentum is transferred

o Particles’ and anti-particles’ spins are aligned
along angular momentum, L

aMagnetic field align particle’s spin

o Particles’ and antiparticles’ spins are aligned in
opposite direction along B due to the opposite
sign of magnetic moment

Produced particles will be "global
B might be studied by particle-an

y” polarized along L and B.

tiparticle difference.



How to measure the po

larization?

Parity-violating weak decay of hyperons (“self-analyzing”)

AN—=p+n—
Daughter baryon is preferentially emitted in the direction (BR:63.9%, cT~7.9 cm)
of hyperon’s spin (opposite for anti-particle) - 0
AN — P
P
x 1 + a Py cos 6* A
d cos 6*
,l
PH: hyperon polarization - /'
6 " polar angle of daughter relative to the polarization direction ¥/
IN hyperon rest frame
aH. hyperon decay parameter dN S|Ope=OlHPH

dcos®6
Note: an for A recently updated (BESIII and CLAS)
ap=0.732+0.014, aar=-0.7/58+0.012
P.A. Zyla et al. (PDG), Prog.Theor.Exp.Phys.2020.083CO01

* Published results are based on apr=-ar=0.64+0.013
New results use new a where existing results are scaled by Qoia/Qnew
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How to measure the “g

lobal” polarization?

“glopal™ polarization : spin alignment along the initial angular momentum

- : £y, IIHHHHHII
Projection onto the transverse plane Kol bt

L

Angular momentum direction can be determined by

beam direction (z) spectator deflection (spectators deflect outwards)
S. Voloshin and TN, PRC94.021901 (R)(2016)

g o - *
.\@QQ} 4 P — 3 <SII1(\:[11 - ¢p)> W1: azimuthal angle of b
H — RGS(\I]l) ¢ angle of daughter proton in A rest frame

STAR, PRC76, 024915 (2007)

TAOH
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Signal extraction with A hyperons

014910 (2018)

negative for anti-A
g — — 0

1o «10° STAR, PRC98,
A STAR 10%-80% 405— A Au+Au 200 GeV
40__ —real 30:‘
| _BG (fit) :
| - BG (mix) 20:-
ook [real-BG (fit) :
: 10;— (b)
- L 44----""'_IJ iLL"‘-L-.\L . : [+ J—___-_--—-"'; -LL"‘--.\L !
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2-‘/ - nv
Sl |
0 RS Tt _
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. (@) _ i
(BR: 63.9%, cT~7.9 cm) 0001 §1AR 10%-80% @ | | | (b)
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. *
8 (sin(¥y — ¢
- ek \obs __ _ ¢Bg , : _ A*)\Sg
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Feed-down effect

o0 ~60% of measured A are feed-down from 2*—Amw, 20>Ay, =— AT

a Polarization of parent particle R Is transferred to its daughter A
(Polarization transfer could be negative!)

CaRr : coefficient of spin transfer from parent R to A
SR : parent particle’s spin

k * 1 _ . .
SA — CSR (S,) S(5 + )(w X EB) fAR .fractlon. of A originating 1.:rom parent R
3 UR : magnhetic moment of particle R

S

_ o —1
/ e \ 2 ER; (farRCar — 5 fsor Csog) Sr(Sr+1) 2 ER; (farRCar — % fsor Csor) (Sr+1) ur / pipeas \
\ BT ] | 5 % (/a8 Cxr — 3502 Csop) Sr(SE+1D) 3 % (/a8 Cxr — 35012 Osor) S+ D ug |
Becattini, Karpenko, Lisa, Upsal, and Voloshin, PRC95.054902 (2017)

Decay C
o e e o 7 Primary A polarization will be diluted by 15%-20%
P commerreg. -t 'fs  (model-dependent)
> At HOS01 This also suggests that the polarization of daughter particles
5 —> A+m~ +0.927 . . . —
20 s A4y ~13 can be used to measure the polarization of its parent! e.g. =, O
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First observation in BES-

STAR, Nature 548, 62 (2017)

. B T 1 Positive polarization signal at lower energies!
N D Au+Au 20-50% - PH looks to Increase In lower energies
— 8 * ﬁthls study B Becattini, Karpenko, Lisa, Upsal, and Voloshin,
= | ® A this study _ | 1 PRC95.054902 (2017)
S % A PRC76 024915 (2007) Py~ -2 4 HA
6 O A PRC76 024915 (2007) 21 I w = (Ppn + Px)kgT/h
' ‘ Py~ & AT 0.02-0.09 fm !
n ) ATor T Ve
~ 0.6-2.7 x 10%%s ™!
i m — ua: A magnetic moment
2 — 5 — ) : oy T: temperature at thermal equilibrium
D& $$ # o The most vortical fluid! To160 Mew
o Hint of the difference between A and anti-A P
o ?1 - Effect of the initial magnetic field? (discussed later)

10 10°

'Sy (GeV)
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Precise measurements at vVsny = 200 GeV

STAR, PRC98, 014910 (2018)

o 3 Confirmed energy dependence with new results at 200 GeV
o i Nature548.62 (2017) S o
T L or  oF - >50 significance utilizing 1.5B events
R - partly due to stronger shear flow structure at lower +/snn
: T PRC76.024915 (2007) because of baryon stopping
+A A
this analysis Pr(A) [%] = 0.277 £ 0.040(stat) =9 015 (sys)
*A YA Pr(A) [%] = 0.240 + 0.045(stat) =909z (sys)
Theoretical models can describe the data well
. Karpenko and F. Becattini, EPJC(2017)77:213, UrQMD+VvHLLE
\ . H. Li et al., PRC96, 054908 (2017), AMPT
~~~~ 5 Y. Sun and C.-M. Ko, PRC96, 024906 (2017), CKE
"""""""""""""""""""""""""""""""""" Y. Xie et al., PRC95, 031901 (R) (2017), PICR
- ——primary - - - primary+feed-down D.-X. Wei et al., PRC99, 014905 (2019), AMPT
- AMPT, A
= primary primary+feed-down
R ENINEEE {|]:II L
10 10°
" based on an=-ar=0.64+0.013 s\ [GeV]
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ALICE, PRC101.044011 (2020)

Its F. Kornas (HADES), SQM2019
| J. Adams, K. Okubo (STAR), QM2019

Collection of recent resu

Nature548.62 (2017)
oA oA ALICE Pb+Pb 15-50%

i PRC76.024915 (2007) +A wA e STAR pre\iminary at 27 and 54 .4 GeV

+ A dh A
HADES prelim. Au+Au 10-40%
B PRC98.014910 (2018) A

* A A e ALICE at2.76 and 5.02 TeV

51— STAR prelim. 54.4 GeV

* A OR  Expected signal is of the order of

STAR prelim. 27 GeV (y2018)

- ¢ AR current statistical uncertainty

ﬂ STAR Au+Au 20%-50%

P, [%]

| UrQMD+vHLLE, A

— primary - - primary+feed-down ° HA D ES a‘t 2 _ 4 Gev

AMPT, A

Primary = = primary +ieec-dow * Large uncertainty but still preliminary
 Hopefully reduce systematic uncertainty
_______________________ ﬁ____'i_llj__
B | IIIIIII| | IIIIIII| IIIIIII| | I I
1 10 102 10°
“based on an=-ar=0.64+0.013 Sy [GEV]
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ALICE, PRC101.044011 (2020)

Collection of recent results F. Kornas (HADES), SQM2018

J. Adams, K. Okubo (STAR), QM2019

'0\_0' STAR Au+Au 20%-50%
— L Nature548.62 (2017) | | o o
0 oA oA ALICE Pb+Pb 15-50% Kinematic vorticity thermal vorticity
B PRC76.024915 (2007) + A A 0.12F 0.18F )
+ A N - Au+Au 6 b=5.0 fm 0.16F  Au+Au - b=5.0 fm
HADES prelim. Au+Au 10-40% 0.1 0.14F
| PRC98.014910 (@18) A _ 008:_ —-p=8.0 fm 0 1oE —*-b=8.0 fm
* A WA ;_% | E - b=10.0fm |~ .0_1_ ¥ b=10.0 fm
51 STAR prelim. 54.4 GeV - 0-06p £ 0.08E
¢ A <> A ~ 0_04:_ 0.06
STAR prelim. 27 GeV (y2018) - s _ 0.04F
- ¢ A+A 0-02 T 0.02F
03 5 3 4567 10 20 3040 01: > 3 4567 10 20 3040
i Lflg)ﬂrPr;;/ELE E- Srimary+feed-down Sy (GeV) sy (GeV)
AMPT, A
primary primary+feed-down . . .
—nergy dependence of kinematic and
thermal vorticity with UrQMD
___________________________ o X.-G. Deng et al., PRC101.064908 (2020)
-
B | | IIIIII| | | IIIIII| | IIIIII| | | | | 1 —
1 10 102 10° ADES: 2-3 GeV
covered by HADES 'Sy [GeV] R FXT: 3-7.7 GeV

v W

A
and STAR FXT+BES-II AR BES-II: 7.7-19 GeV
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A possible probe of B-field

Becattini, Karpenko, Lisa, Upsal, and Voloshin, McLerran and Skokov, Nucl. Phys. A929, 184 (2014)
PRC95.054902 (2017) STA:%, QM17 w10
" =N N = = = - ~
1 wn ,UAB : H_E___,?‘ Au+Au 20-50% CRE
Py >~ 9 T: | T . ? @ this study 0.1
i ! x> 10 — O PRC76 024915 (2007) 0.01
P lw, pupB =
— AU [ - . .
— i 0.001
A 27" T _Z STAR preliminary
______| 5— 0.0001
ua: /A magnetic moment i p 1075
EEE R R
B = (Py — Py)T/(2uy) (R R DL
1077
: : | e -1 0

~ 2 x 10" [T] S—

eB ~ 10~ *m? S
APA~0.5%, T=160MeV

Lr upper limit from APy

ay (GeV) Conductivity increases lifetime.

 Based on thermal model, B-field at kinetic freeze-out could be probed by A-antiA splitting
e Current results are consistent with zero (except 7.7 GeV)

* But the splitting could be also due to other effects...
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Need caution for the interpretation

* |nitial magnetic field

o Effect of chemical potential (expected to be small)
R. Fang et al.,, PRC94, 024904 (2016)

* Rotating charged fluid produces B-field with longer lifetime
X. Guo, J. Liao, and E. Wang, PRC99.021901(R) (2019)

* Spin interaction with the meson field generated by the baryon current R
L. Csernai, J. Kapusta, and T. Welle, PRC99.021901(R) (2019)

e Ditferent space time distributions and freeze-out of A and anti/\
O. Vitiuk, L.Bravina, E. Zabrodin, PLB803(2020)135298

0.10 T T T T

~ ‘ 1.5 T a : ) ]
ﬁ O ! | 0.08 ]
: | ; o 1.0:— * — ) 0.06
ﬁ f - ) _ ) _
ol < | 0.04f
| | S * - =
’ 6} 0.5 —] ol I
: | A s * * ] 0.02}
[ o i ] i
| 4 S | * _ _
=S N 0.0 % 0.00f .
“l0 20 50 00 200 "0 20 50 ioo 200 % 501&, ------ ;57) -] = — —0.02 S
10 20 50 100 200 | 10! 10?
Vo (GeV) Ve (GeV) Vs (GeV) JAnn (GeV)
\/ SNN (GeV)

X. Guo, J. Liao, and E. Wang, PRC99.021901(R) (2019) L. Csernai et al., PRC99.021901(R) (2019)

1. Niida, RHIC&AGS Annual Users Meeting 2020 13



Differential measurements: centrality

STAR, PRC98, 014910 (2018)

X
T T STARAuA s, = 200 GeV
Inl<1, O.5<pT<6 GeV/c
i * A
K|
- %A ) I |
0.5 |
B ; k

80

Centrality [%]

3 STAR, QM19
X | STAR Au+Au \s, = 54.4GeV X
n2.51 0.5<p _<5.0 GeVic, i< 2.5
of +A (BBC) +A (BBC) a¥
A (ZDC) OA (zDC) A 2
1'5;_ STAR preliminary || |
1] . 0 1.5
0 5Ef ; + : 1
RN i 1
0':“ + R
0.5 0.5
-1 | 0
s T T T v
s BBC ZDC
S b b b b b b a biaag
"0 10 20 30 40 50 60 70 80

centrality[%]

STAR, QM2

—
—
-
—
—
—

Au+Au at /sy = 27 GeV
04< p;<3GeV/c | <1

|||I|I||||I|

|||I||||||I|

STAR preliminary
/\+K <
ot
- s -
— o (4] -

NN

|
|

0 10 20 30 40 50 60 70 80
Centrality [%]

NN 200 GeV

54 GeV

27 GeV

In most central collision = no initial angular momentum

T
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S;

ne polarization decreases in more central collisions.
milar trend was confirmed at lower energies.
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STAR, PRC98, 014910 (2018)

X | STARAu+Au s, =200 GeV
ot 1L 20%-60%, m|<1
: hydro, primary A
* A — UrQMD IC
- %A - - -Glauber-ilt IC
0.5/— I 3
Ob—----------- j_—__._?_.____?______T_-__-_e._._ _________ ;ﬁ; _______________
B | | | | | | | | | | | | | | | | | |
0 1 2 3 4
P_ [GeV/c]

SNN 200 GeV
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Differential measuremen

- Nalve expectation of smal
scattering at low pr, fragmr

[S: pr

er Py due to
entation at high pr

- No clear pr dependence with current precision

~ 30%-70%, In|<1

ZDC E+W
*A

—05;_Au—|—AU_ \/SNN = 54.4 GeV
- STAR preliminary

IIIIIIIIIIII

s

1 2

STAR, QM19

< uE -
— 12 A4A -
al 1= S
. E_ @ H'H H i _E
0.6 = @ =
0.4 | -
0.2 =
0 :_ ____________ — _
—  AutAuat/Syy = 27 GeV =
—0.2 - 15-75% centrality, |7] <1 =
0.4 :_ STAR preliminary _:

O 05 1 15 2 25 3
o (GeV)
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W.T.Feng and X.G.Huang, PRC93.064907 (2016)

010 |
008 Au+tAu /| \ ———— 546GeV -
7’; 0.063— 0=04fm [/ | \---- 9OOGeV_f
= 004/ :
|$“ i :
~ 0.02] / \
0.00 based on|energy flow ) Y
—2| N I—1I o 0 - 1 - 2

\/SSNN =62.4 GeV, 20-50% central Au-Au, averaged IC
|

— 10

So

|.Karpenko and F.Becattini, EPJ(2017)77.213
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Differential measurements: rapidity

Energy dependence of vorticity vs. rapidity

at given acceptance

But the predicted polarization trend differs among models

++]PICR model |

o thermal vorticity

. -« kinematic vorticity
| S C = T-vorticity

nnnnnn lativistic

1.0

Py(-Py) [%]

0.5

0.0

-4 -2 0 2 4
Y

Y.Xie, D.Wang, and L.P.Csernai, RPJ(2020)80:39 D.X.Wei, W.T.Deng and X.G.Huang, PRC99.014905 (2019)
/Z.1.Liang et al., arXiv:1912.10223

H.Z.Wu et al, PRResearch1.033058(2019)

4

B

— 2.5

- Baryon stopping and velocity profile in the initial state

0 STAR 200 GeV
----19.6 GeV

- 624GeVA|\/|PT

- - - 200 GeV

—————

o — - -

STAR (20-60%)

3|
2t
~ 1l
N
1

~ this work (20-50%) .

.0-0.50.0 0.5 1.0

5

-

0.5 1 156 2 25 3 35 4 ¢5



Differential measuremen

is: rapidity

STAR, PRC98, 014910 (2018) STAR, QM19 STAR, QM19
— — 3_ l—oi __I 7 _ """"""""""
0:1_- STAR Au+Au \/STJN = 200 GeV C’\_I -~ 30%-70%, 0.15<p_<5.0 GeV/c B é 1.4 - A+
— al L —
YT 20%-60%, 0.5<p_<6 GeV/c 290 ZDC E+W *A qu L2 -
i 2:_ STAR preliminary %A | 1 — B — -
* A - 544Gev [T 0.8 :% - ‘% - %; % %
* A 1'55_ _ T 0.6 f— L % %
0.5 - | | - N S e
ok H . i 047 -
E I ? 0.5F [* | * 0.2
by ‘ % : 5 R —
I O e ~  AutAuatSyy = 27 GeV
N —0.2 :_ 15-75% centrality, 0.4 < p; < 3 GeV/c
O _05:_ 04 STAR preliminary
| I | | ! | L | | —1 —-0.5 0 0.5
-1 -0.5 0 0.5 1 _1_1 05 0 05 1
n N
SN 200 GeV 54 GeV 27 GeV

No strong rapidr

y dependence within |n|<1.

This can be exp
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ored further with iTPC(|n|<1.5) and Forward upgrade (2023-).

17



Differential measurements: azimuthal angle

out-of-plane

In-plane

"o\ I | ! ! ! ! | ! ! ! ! |
e ,6L STAR preliminary Au+Au 200GeV
al |
i 20-50%
AL A and A combined
<Pu> [— — — —1'— — — — — .
0.2 |
... ==
ool iMPlane <4———> out-of-plane
70 0.5 1 1.5
¢ — Wy [rad]

T. Niida, RHIC&AGS Annual Users

Meeting 2020

F. Becattini and M. Lisa, arXiv:2003.03640

- 4
np—  —unl fege AR
. | 3 O e
3 l 2.0-10 3f---19.6 GeV Y| <17
= 2 [ M 151073 - - - 62.4 GeV. .
2 1 ] 2 5|~ --200GeV "\
3 5 - 1.010° > 2 P
S - 5010 % [ 0 N
S0 I "|H 0.0-10° PR
A 2
3 _ -5.0-107 0] S <
L1 "L 3
-4 -1.0-10 0.5 1.0 1.5 2.0 25

-4-3-2-1 012 3 4

p, [GeV/c] °

|. Karpenko and F. Becattini, EPJC(2017)77.213
D. Wei, W. Deng, and X. Huang, PRC99.014905 (2019)

“T-vorticity” may explain the data”
H. Wu et al., PR.Research1.033058 (2019)

- The data shows larger polarization for in-plane, while

many models predict the opposite, i.e. larger for out-of-plane.

- Not fully understood yet
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Differential measurements: charge asymmetry

STAR, PRC98, 014910 (2018) Chiral Separation Effect J5 o< e, B
X | STAR Au+Au |[s, = 200 GeV 20%-60% 5 . 3 J | |
D_I - Inl<d, O.5<p_|_<6 GeV/c KA HA @) %) ‘Dﬁ B—fleld ; s?n 15

] L RH
| Sa 4D
’ ® (R ()f}) * §‘ ﬁ
5 vﬁ R lLH T
G| 50 w0 w0

B-field + massless quarks + non-zero yy = axial current Js

O_ __________________________________________________________________________
i slope + stat.uncert. + syst.uncert. a Ach dependence observed
_ ﬁ: 0-097 = 0.041 0.043 [7] - Slopes of A and anti-/\ seem to be opposite (~2 0 level)
- A: -0.112 = 0.045 = 0.102 [%)]
e 0 0 Possible contribution from axial charge or
observed A, /o, o Quark vector chemical potential may explain the data
1y /T (N —N_) — A, Sun and Ko, INT20-1-c
\% <N__ —|—N_> C
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Other particles to measure polarization?

P. A. Zyla et al. (Particle Data Group), Prog. Theor. Exp. Phys. 2020, 083C01 (2020) W.-T. Deng and X.-G. Huang, PRC93.064907 (2016)
\ERS ctT decay decay magnetic AR
(GeV/c?) | (cm) | mode parameter moment 6 AutAu 20-50% -
(Kn) Y[<1 —BE—A&A
. i
A (uds) 1.115683 7.89 A->mp 0.732+0.014  -0.613  1/2 Al _:_ o -
(63.9%) Q
~ *
=-(dss) 1.32171 491 =->Am -0.401%+0.010 -0.6507 1/2 n”, _:*-*\*
(99.887%)  o—a T m g K~y )
_ - - ""‘~=\l:l\*
Q- (sss) 1.67245 2.46 Q->AK 0.0157%+0.002 -2.02 3/2 ¢
(67.8%) ) -
10 100
Natural candidates would be = and Q hyperons. Vs (GeV)
- Different spin and magnetic moments
- LEeSS -:eed'dOWH iﬂ E aﬂd Q COmpal’ed to /\ Based on thermal mOde|:
- Could be difterent freeze-out P(s=1/2) ~ w/(2T), P(s=3/2)~ 4 w/(5T)

- Different valence s-quarks .
F.Becattini et al., PRC95.054902 (2017)
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= and () polarization measurements

dN 1
= — (1 + OéHI)>|< . D
Getting difficult due to smaller decay parameter for = and Q...
apn = 0.732, a=- = —0.401, an- = 0.0157
spin 1/2 spin 3/2
Polarization of daughter A in a weak decay of =: Similarly, daughter A polarization from Q:
(based on Lee-Yang formula) P} = Cqo-APH = £ (1 + 470) Py,

T.D. Lee and C.N. Yang, Phys. Rev.108.1645 (1957)
BN . o s o e Here ya Is unknown.
P (o= + Pz - pi )Py + B=PZ x p}y + v=p) X (P X pj) . Y . .
A= Time-reversal violation parameter 3 would be small,

then the polarization transfer Con leads to.

P = C= AP =1 (1+272) Pz,

Cor ~ +1 or — 0.6
Cz-p =40.927, o* + 82+~ =1

Parent particle polarization can be studied by measuring daughter particle polarization!

1. Niida, RHIC&AGS Annual Users Meeting 2020



= global polarizations at Vsnn = 200 GeV

X . rrroasop ey T rEmMInary  STAR Au+Au 20%-50% = Pn by analyzing daughter A distributions
T3 (2 ureodn oz (2017) - less sensitive due to smaller a==-0.4 than ax=0.732
O B PRC76.024915 (2007)
B AA AA _ .
i ' PRC98.014910 (2018) = PH via daughter N\ PH (by granddaughter pI’OtOﬂ)
2 Q "t with the polarization transfer Cz=a=+0.927
T O™ T ALICE Pb+Pb 15-50% . L .
- T H I PR{?101.0%4611 (2020) - positive polarization with 2.20 level
— | SI3r|| TL WL . | + o . . .
. ﬁﬁ@ HR! - slightly larger than inclusive A\ PH
1— ! \$~ fl',;N 1"\\ _ STAR AU+AU 20%-80% _ Close to AM PT predlcton
— hi i IR S *x E+E " (via daughter A)
- o - ¢ T +2 W.-T. Deng and X.-G. Huang, PRC93.064907 (2016)
| [‘] \,‘ in
| N | | s
O__$ """" y ;'z";{_;;2';5151'4'%"'"%"_ Nalve expectations in = vs. A\ PH
- AMPTPRCSS, 014995 (2019) gx_zj‘;if’f_gagffoom - Lighter particles could be more polarized (=<A)
B l"'A*A T | v, =17 | - Earlier freeze-out (of multi-strangeness)
_1 L 111 | I I N N B B > | I N B |1| eadS tO |arger PH (E>A)
10 10 0’ \/ [GeV] O.Vitiuk, L.V.Bravina, and E.E.Zabrodin, PLB803(2020)135298

* published results are rescaled by Qoig/Anew~0.87 - Feed-down: ~15-20% reduction for primary /A P
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= global polarizations at Vsnn = 200 GeV and 27 GeV

QT _ STAR Preliminary  STAR Au+Au 20%-50%
= P3(7.7)=7.34+3.02 [%] Nature548.62 (2017)
D_I 3 eA OA
B PRC76.024915 (2007)
AA AR
3 _ PRC98.014910 (2018)
ol _!'“\:L _||:} mEA OA
| _:\;O
RS ALICE Pb+Pb 15-50%
- Y S / PRC101.044611 (2020)
= TS L m +A &N
- 7 h\ﬁ'@ T ?1 A
1— o _ STAR Au+Au 20%-80%
— W R *x E +E " (via daughter A)
B i LN ¢ T +E
B iy | (20-50% for 27 GeV) &
- | a, = 0.732 = 0.014
u AMPT PRC99, 014905 (2019) o =-0758 + 0.012
= e AaK o0 - ar = -a_ =-0.401x 0.010
| yQ =1°
_1 [ 1 1 1 | | | | I I A | | | | [ 1 1 11 |
10 10°

10 \/7 [GeV]

* published results are rescaled by Qoid/Anew~0.87
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— Py by analyzing daughter A distributions
- less sensitive due to smaller a==-0.4 than an=0.732

— Pn via daughter A Py (by granddaughter proton)

with the po
- positive po

arization transfer C=p=+0.927
arization with 2.20 level

- slightly larger than inclusive A PH
- close to AMPT prediction

W.-T. Deng and X.-G. Huang, PRC93.064907 (2016)

Naive expectations in = vs. A\ PH

- Lighter particles could be more polarized (=<A)
- Earlier freeze-out (of multi-strangeness)
eads to larger Py (Z>A)

O.Vitiuk, L.V.Bravina, and E.E.Zabrodin, PLB803(2020)135298

- Feed-down: ~15-20% reduction for primary A\ PH
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() global polarizations at

VSN = 200 GeV

P, [%]
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- P_(7.7)=7.3423.02 [%]

STAR Preliminary  STAR Au+Au 20%-50%
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B Ij L - <I" :‘s
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e

AMPT PRC99, 01 49(95 (2019)

--H

hod

[

Nature548.62 (2017)
eA OA
PRC76.024915 (2007)
AA AA
PRC98.014910 (2018)
mA OA

ALICE Pb+Pb 15-50%
PRC101.044611 (2020)
+A A

STAR Aut,e\u 20%-80%
*x E +E_(via daughter A)
Q" (via daughter A)

(20-50% for 27 GeV) % &

o, = 0.732 + 0.014 4
o =-0.758 + 0.012

0 = -0_ = -0.401= 0.010

YV, = 1°

L]

10

10°

19 \'syn [GeV]

* published results are rescaled by Qoid/Anew~0.87

() Py via daugh

er A\ Py assuming the polarization

transfer Cop=+1

- Large uncertainty, to be improved in future analysis

- Based on the vorticity picture, the data seems to
favor Caon=+1 (ya=+1) rather than Caoa=-0.6 (ya=-1)

* In other words, yo can be measured in HIC

assuming the

global polarization

- Also close to AMPT expectation
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Centrality dependence of = PH

& | AutAu s, =200 GeV STAR Preliminary
N ly=l<1, p$>0.5
— Py via daughter A P4 seems to increase
- Inclusive A (PRC98.014910) in peripheral events, as seen in A Py at 200 GeV
*x Z+E (via daughter A) i
i syst. uncert.
2 - No significant difference between = and =bar, therefore
i | 1 results are combined
i | x - Qualitatively consistent with the centrality dependence
T of vorticity predicted in models
} | pis
N Jﬁ E’%E LF* ______ fﬁf ____________________________ Y.Jiang, Z.W.Lin, and J.Liao, PRC94.044910 (2016)
* a, = 0.732 + 0.014
- o =-0.758 + 0.012
C_, =0.927
i I | I I | I I | I I | I
0 20 40 60 80

Centrality [%]
* published results are rescaled by Qolg/Anew~0.87
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Global spin alignment of vector mesons

Species K0 ¢

Angular distribution of the decay products can be written Quark content | ds SS

with spin density matrix pnn. Mass (MeV/c2) | 896 1020

dN 1 . Lifet
ViR idVe P ao . Ve 2 gt 4 2 NP 2 g ifetime
T poolYiol™ + pialY1-1" + p-1 -11Y11]" o poo cos 5 (011 + por-1)sin vl 4 45
o< (1 —=p00)+ Bpoo— 1) cos’ 6 Spin (JP) 1- 1-
Q Decays Kt KK
Lo = (cos[2(¢, — Trr)]) | |
3 Branching ratio | ~100% 66%
Deviation from 1/3 in poo indicates spin alignment. Theoretical expectation for poo
sign of the polarization cannot be determined. \Vorticity
Therefore it's called “spin alignment measurement” S ,
rather than “polarization measurement” recombination | poo < 1/3
fragmentation | poo > 1/3

Z.-T. Liang and X.-N. Wang, PRL94.102301(2005)

Y. Yang et al., PRC97.034917(2018) I\/Iagnetic fiald D00 > 1/3
(for neutral vector mesons)

Ooo depends on hadronization process
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Results from LHC and R

HIC

ALICE, PRL125.012301 (2020)

05 Event plane Event plane ALICE
I K’ e0.8< p.<1.2(GeV/c) 0 vl <0.5

pOO

SE N L

e05<p_<0.7 (GeV/c

0.4} 3.0 < p_< 5.0 (GeV/o)|| L * Eﬂ: Eﬂ; ﬁ

3.0 < p_< 5.0 (GeV/c)
| | | | | |
0 100 200 300 0 100 200 300
<Npart> <Npart>

STAR, QM18, QM19

0.28 el

Au+Au 200 GeV
12< P, < 5.4 GeV/e
¢ meson (1st order EP)

STAR preliminary

0.40~ s7AR Preliminary TPC-EP S 0_38
Au+Au, 1.0 < p.< 1.5 GeV/c * 54.4 GeV B
® 200 GeV =
0.35 ¢ 0.36
x 0.34-
0.30T % T
e 0.32-
a LI[ :
0.25 ® £ 0.3
! ! ! ! I ! ! ! ! I ! ! ! ! I ! ! ! [,
0 100 200 300 0
< Npart >

alLarge deviation from 1/3, which cannot be explained by the vorticity picture

poo = 1/[3 + (w/T)*].

o [he deviation In opposite way between:

o K* and ¢ at RHIC
o LHC and RHIC for ¢

1. Niida, RHIC&AGS Annual Users Meeting 2020

Does it change from

Mean field of @ meson may p

RHIC to

ay aro

HC or

40 50 60 70 80
Centrality (%)

e’
ly for ¢?

X. Sheng, L. Oliva, and Q. Wang, PRD101.096005(2020)
X. Sheng, Q.Wang, and X. Wang, PRD102.056013 (2020)
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Outlook

J

More precise measurements will be done in the following years
o High statistics data of BES-Il 7.7-19.6 GeV and FXT 3-7.7 GeV

o Isobaric collision data (Ru+Ru, Zr+Zr), ~10% difference in B-field

o Forward detectors in Run-2023 Au+Au 200 GeV

BUR2020, STAR Note SNO755

- STAR Au+Au | s, =200 GeV Projection (run2023)
| 20-60% (40-80% for 2.5<n<4) o A4A.
- + Z+E,
1 e ) * Q4O
B A, geometric model
- A, PICR hydro Data _
> - ---- 2, AMPT * A A
o\o )
o, | mmm. Q@ AMPT
6 05—  TTTTTTTTTTmmmes
i ! FTS
i %, i € >
O —--®---0--0---0dgk®---0--0---@-----—--——————-- »----®----@-------
] .4- ---------- |"ifF;¢ ------ g | |
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Summary

o Global polarization of A has been observed at vVsnn= 7.7-200 GeV

o Most vortical fluid (w~1021 s-1) created In heavy-ion collisions

o Energy dependence, increasing in lower vsnn, is captured well by theoretical models

o Azimuthal angle dependence is not fully understood yet

o First measurements of = and Q global polarizations at vsnn= 27 and 200 GeV

o Positive signhal of = polarization, comparable to or slightly larger than A, has been observed

o Qualitatively consistent with AMPT predictions

o Current result of QO polarization has large uncertainty, which can be improved in future analysis

o Global spin alignment shows larger deviation from 1/3

© @ meson field may explain th

o Different trends between RH

IS large deviation?

C and LHC; ¢ meson needs to be understood

There are still many open questions and more precise results are needed.

1. Niida, RHIC&AGS Annual Users Meeting 2020
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= global polarization at Vs

P, (%)

2.5

1.5

0.5
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STAR, ICPPA2020

IIII‘IIII‘IIII\IIII‘IIII‘II

——— A + A Nature 548.62 (2017)
—4— A + A Phys. Rev. C, 2018
A + A Quark Matter 2019, STAR Preliminary
—— This study, = + ="
—— This study, = + Z (via A daughter)

=+=bar (via daughter A)

4

: / A+Abar (2011 data)

4 az- = —0.401
az+ = 0.401
Ej m ap = 0.738
| ay = —0.752
Au+Au ) o Czp = 0.932
20-50% Centrality ¢
STAR Preliminary __ .
| | | | | | IA+AbIar (2IO1 81 da;ta)l | | |
10 10° VS (GeV)

* published results are rescaled by Ooid/Onew~0.87

- = polarization signal can be also seen at 27 GeV, comparable to or slightly larger

than inclusive A.
- No clear centrality dependence with current precision.

P, (%)

NN =27 GeV

T

=+ E

= + =" via A daughter

A+ A QM 2019, STAR Preliminary

HI‘||||‘IIIIIIIII||||||||I||||I||I||||I||I|I|II‘

b L

l. Au+Au 27 GeV

STAR Preliminary

—
o

Centrality (%)



Polarization along the beam direction

STAR, PRL123.13201 (2019)

0.001
" STAR  Au+Au \s, =200 GeV
N 20%-60%
0.0005

(cos(® *)™*

-0.0005

fit: p0+2p1sin(2¢-2‘1’2)
*A p. =0.016+0.003 [%

—-0.001

%A P, =0.015+0.003 [%;
I
0

1 2 3

P, o {(cos0)) ¢-', [rad]
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0 Sine structure as expected from the elliptic flow

0 Some models cannot describe the sign but some can
do. Note that they reasonably describe “global” Ph.

- F. Becattini and I. Karpenko, PRL.120.012302 (2018)

- X. Xia et al., PRC98.024905 (2018)

- Y. Sun and C.-M. Ko, PRC99, 01 1903(R) (2019)

- Y. Xie, D. Wang, and L. P. Csernai, Eur. Phys. J. C (2020) 80:39
- W. Florkowski et al., Phys. Rev. C 100, 054907 (2019)

- H.-Z. Wu et al.,, Phys. Rev. Research 1, 033058 (2019)

fY

OK
JES Vel
e
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Disagreement in P; sign

Hydrodynamic model
PZI, \/m: 290 GeIV RI-IIIC

| Koo AMPT, Au+Au 200 GeV 20-50%
_ | Mo.00s 0.0 (P,)
0.004 0.01

-0.004  _g 1
~0.012 ! ! . .

—0.008 —0.02
|
0 /2 nm 3m/2 21

Opposite sign

- UrQMD IC + hydrodynamic model
F. Becattini and |. Karpenko, PRL.120.012302 (2018)

- AMPT
X. Xia, H. Li, Z. Tang, Q. Wang, PRC98.024905 (2018)

S . e dp
ame sign 0. GeVic
- Chiral kinetic approach
Y. Sun and C.-M. Ko, PRC99, 011903(R) (2019) Chiral kinetic approach PICR model
_ _ _ Au+Au @ 200 GeV, 30-40% . o(Pu:P))
- High resolution (3+1)D PICR hydrodynamic model g <t 3 !
Y. Xie, D. Wang, and L. P. Csernai, EPJC80.39 (2020) _ o |y|<2 X 2
- Blast-wave model o 4_'.:"-., RIS s ;\Js/ M}s/\/,
S. Voloshin, EPJ Web Conf.171, 07002 (2018), STAR, PRL123.1320]1 oopt o, o N - Wy ——
“~N | JPRL ILL - SN
Partly (one of component showing the same sign) T 4 o o' ’ //ﬁ
- Glauber/AMPT IC + (3+1)D viscous hydrodynamics -sdpo'a”zagon O-fq“j”ks- : o -
H.-Z. Wu et al., Phys. Rev. Research 1, 033058 (2019) ¢ -, Ge)

- Thermal model

W. Florkowski et al., Phys. Rev. C 100, 054907 (2019) Incomplete thermal equilibrium of spin degree of freedom?
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prand centrality dependence of Pz modulation

STAR, PRL123.13201 (2019)

BW parameters obtained with HBT: STAR, PRC71.044906 (2005)
0.6 1

X | STARAu+Au |s, =200 GeV 2 | sTAR
A~ - 20%-60% A~ _
~ | 2 ~ | AutAu sy, =200 GeV
N ---hydro (x 0.2) 20%-50% & * | A+A N o
Y | BW (spectra+v ) 20%-60% N L AMPT (x 0.2)
% % 057 ___ Bw (spectra+v ) ,L It
o' N o’ v " .- BW (spectra+v +HBT) 7
| | | | | | | | | | | | | | | |
0 20 40 60 80
p_ [GeV/c] Centrality [%]

a No strong pr dependence but a hint of drop-off at pr<1 GeV/c
o Strong centrality dependence as in vo

o Blast-Wave model as a simple estimate for kinematic vorticity can describe the data
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